The eukaryotic porin superfamily consists of two families, voltage-dependent anion channel (VDAC) and Tom40, which are both located in the mitochondrial outer membrane. In Trypanosoma brucei, only a single member of the VDAC family has been described. We report the detection of two additional eukaryotic porin-like sequences in T. brucei. By bioinformatic means, we classify both as putative VDAC isoforms.
INTRODUCTION
With a few known exceptions [1, 2] the protein families of voltage-dependent anion channel (VDAC), Tom40 and Sam50 are common to all eukaryotic organisms. These proteins reside in the mitochondrial outer membrane (MOM) and facilitate metabolite exchange, protein translocation or membrane insertion. Sam50 is homologous to the bacterial Omp85 [3] while VDAC and Tom40 belong to the eukaryotic porin superfamily [4, 5] .
In general, the transmembrane b-barrel domain of porins is characterized by a so-called in-plug, which is responsible for function and stability of the pore [6] . In prokaryotic porins with 16 or 18 b-strands, in-plugs of a-helical or b-sheet character have been described, which are formed by an inward-folded loop of a b-hairpin within the b-barrel domain [7] . In eukaryotic porins, however, the in-plug is located N-terminally before the 19-stranded b-barrel domain and so far only a-helical structure has been reported [5, 8] .
Eukaryotic porins are responsible for transport of solutes across the MOM [8] and in plants VDAC has been implicated in tRNA import [9] . In Trypanosoma brucei, an ancient parasitic eukaryote, belonging to the phylum Euglenozoa (class: Kinetoplastida), only a single eukaryotic porin has been identified [4] . As the deletion mutant of this porin is still capable of solute transport [4] , we searched for unidentified members of the eukaryotic porin family.
MATERIAL AND METHODS
Sequences were collected from NCBI (nr database, 6 September 2011) and Bodo saltans genome project (http://www.sanger.ac.uk/resources/ downloads/protozoa/bodo-saltans.html; [10] ) by HMMER (http:// hmmer.org/) and BLAST [11] . Redundant sequences were removed with cd-hit [12] . As input for the search with HMMER, we used the porin_3 HMM (PF01459) from PFAM (v. 24.0/v. 25.0 from 2009/ 2010; [13] ) and an HMM generated from a multiple sequence alignment (MSA) of VDAC and Tom40 [5] . Our final database consists of 370 Tom40, 590 VDAC and 41 Euglenozoa sequences. Clustering was done with CLANS [14] in two dimensions at a p-value cutoff of 0.1. MSAs were calculated with MAFFT v. 6.847b (E-INS-I; [15] ) from our database (maximal sequence identity 90%). As an extension of our previous method [5] , we collected the alignment information from screening the parameter space described by a range of gap extension/insertion penalties (ep:0-0.9/op:1-3) in steps of 0.1 and amino acid substitution matrices (JTT100-300 [16] ) in steps of 50.
RESULTS
(a) Multiple porin-like sequences in Kinetoplastida The high divergence of eukaryotic porin sequences among sequenced Protozoa and the low similarity to eukaryotic porins from Opisthokonta and Viridiplantae complicate their detection. In contrast to a recent conservative approach [17] , we aimed for an enhanced detection capability and generated an HMM of the eukaryotic porin superfamily from an MSA containing both VDAC and Tom40 sequences [5] . In short, this MSA was constructed as follows. Based on the fact that the topology of the guide tree used for refinement in iterative, progressive MSA depends on the succession of sequences in the input file, we calculated multiple MSAs [5] . Regions most frequently aligned without insertions or deletions to b-strand core regions of the mVDAC-1 structure [8] were defined as transmembrane b-strands. Subsequently, we selected a single MSA, which contained all those assigned regions aligned to transmembrane b-strands of mVDAC-1. Thus, this MSA is-owing to the method applied-more accurate than a single MSA by chance [5] . Consequently, the resulting HMM is more sensitive than the porin_3 HMM from PFAM (electronic supplementary material, table S1). The HMM was used to search against NCBI's nr database. We found 32 different sequences in Euglenozoa, 23 being significant (electronic supplementary material, table S1). Therein, we confirmed the known VDAC of the euglenid Euglena gracilis and of the kinetoplastid T. brucei (TbVDAC; [4, 18] ), and identified two further porin-like sequences in the genome of T. brucei. We performed BLAST searches with all identified sequences and detected nine additional Kinetoplastida sequences with significant E-values (less than 1e-35).
To classify the identified sequences in Kinetoplastida, we created a CLANS clustering with all Tom40 and VDAC sequences obtained from our searches (figure 1). In the clustering 18 of our sequences, representing significant hits, are located near the main VDAC cluster with moderate connections (greater than 1e-9), including the experimentally described TbVDAC. The Euglenida sequence is also located near the main VDAC cluster, but connections to Kinetoplastida VDAC sequences (greater than 1e-7) are not as strong as to the main VDAC cluster (greater than 1e-10).
Two additional clusters of 11 Kinetoplastida sequences each are observed (figure 1). The 'porinlike I' (p1) cluster shows weak connections to other VDAC sequences (greater than 1e -5), whereas the 'porin-like II' (p2) cluster shows weak connections to both the Tom40 and VDAC cluster (p-values . 1e-5).
(b) The porin-like sequences from Kinetoplastida form a voltage-dependent anion channel-like fold To substantiate the classification of the two newly identified porin-like sequences from the Kinetoplastida clusters as VDAC-like proteins, we submitted the two representative sequences from T. brucei TREU927 each to nine fold recognition servers (electronic supplementary material, table S2). For the p1 sequence eight out of nine servers detected a VDAC-like fold as best hit with good sequence coverage ( figure 1b) . No other transmembrane b-barrel was among the top three hits and the other reported folds were identified at most three times with often low sequence coverage. These additional folds have high b-sheet content and the models exhibit clear defects. For p2 five out of nine servers reported a VDAC-like fold as best hit again with good sequence coverage (figure 1c). All other folds were identified by at most a single server and, thus, most likely represent false positives.
From our database of eukaryotic porins, we calculated a composite MSA comprising the N-terminal helical region and transmembrane b-strands by the method described (figure 2; electronic supplementary material, figure S1 ). The N-terminal helical region shows the high similarity among the three kinetoplastid sequence clusters, exhibiting conserved properties of VDAC. All 19 b-strands can be assigned for the TbVDAC, p1 and p2 clusters. For a few of them, however, the transmembrane positioning might deviate by a few residues. As the N-terminal region of transmembrane b-barrels is less conserved than their C-terminal region [3] , and as eukaryotic porins from available Protozoa genomes show a high degree of sequence diversity, future sequencing projects will enhance sequence space coverage and thereby improve an MSA of eukaryotic porins.
In all known mitochondrial b-barrels the last b-strand encodes a so-called b-signal serving as a targeting signal [19, 20] . In our sequences, the last b-strand contains a motif, which can be interpreted as the b-signal-only its last position is polar instead of hydrophobic in VDAC and p1 sequences (figure 2). This supports the possibility that the identified sequences could be targeted and integrated into the MOM.
DISCUSSION
In summary, we suggest that all three eukaryotic porinlike sequences have a VDAC-like fold, because they contain the N-terminal helical region, 19 b-strands and a putative b-signal in the last b-strand. Sequence coverage of query sequence by the template is indicated by different shades of grey (from black (greater than 75%) to white (less than 25%)). Amino acids are coloured with Jalview (Clustalx colour code), reflecting the conservation of the respective alignment column. On the bottom conserved properties derived from the MSA of VDAC [5] and the b-signal definition [19, 20] are displayed: polar (p), aromatic (a), glycine (G), hydrophobic (h), positive (plus symbol), negative charge (minus symbol).
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Orthologues of the two newly identified eukaryotic porin-like sequences in T. brucei are also present in other Kinetoplastida (electronic supplementary material, table S1). Further support is provided by the fact that multiple isoforms developed several times independently within the VDAC family [21] . Also, the two identified genes are transcribed in both life stages of T. brucei at a similar albeit much lower level than TbVDAC [22, 23] ; both proteins were detected via mass spectrometry in the mitochondrial fraction [24, 25] .
In T. brucei, metabolites are still transported across the MOM in the TbVDAC knockout [4] . Thus, the p1 sequence (Tb11.01.255) is a promising candidate for a second VDAC isoform, because it is more closely related to VDAC than p2 and also its sequence length is VDAClike (TbVDAC: 270 amino acids, p1: 279 amino acids; electronic supplementary material, table S1).
A putative functional assignment for the p2 sequence (Tb927.4.1610), however, is difficult. As the protein translocase in the MOM of Trypanosoma has recently been identified [26] , a VDAC-like function of Tb927.4.1610 in solute transport is likely. The latter is also supported by VDAC-like features in the N-terminal helical region. Additionally, a function in tRNA transport of p1 and/or p2 sequences is conceivable as it was shown that TbVDAC is not involved in tRNA import [4] .
Thus, based on sequence analyses, we present evidence for the existence of two additional porin-like proteins in Kinetoplastida, which have already been confirmed to reside in mitochondria. The functional prediction has now to be challenged by biochemical approaches.
